In cosmology it has become usual to try and explain observational data, such as the temperature distribution of the cosmic microwave background or the accelerated expansion of the universe, introducing new entities as dark matter and dark energy. Here we describe a different approach treating space time as a continuum endowed with properties similar to the ones of ordinary material continua, such as internal viscosity and strain distributions originated by defects in the texture. A Lagrangian modelled on the one valid for simple dissipative phenomena in fluids is build and used for empty space time. The internal "viscosity" is shown to correspond to a four-vector field. Using the known symmetry of the universe, assuming the vector field to be divergence-less and solving the Euler-Lagrange equation we obtain directly inflation and a phase of accelerated expansion of space time. The vector field is shown to be connected with the displacement vector field induced by a point defect in a four-dimensional continuum.
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field opportunely denominated quintessence [7] . Summing up, to account for alleged defects of GR or for observations, people either try to explore Lagrangians like
where f (R) stands for an appropriate function of the scalar curvature [8] and g is the determinant of the metric tensor; or introduce suitable fields (scalar, scalar tensor...), starting from a Lagrangian in the form
The two methods may be proved to be equivalent [9] . The situation, even though being richer and more varied, resembles the one with ether at the end of the XIX century, and a weak point is in that all changes appear to be motivated mainly by the result sought for.
Here we try to take advantage of some familiar physical facts as guiding ideas to suggest how to formulate a description of space-time able to explain the essentials of the behaviour of the universe. Our current vision of the cosmos, especially in GR, is essentially dualistic, the actors being space-time on one side (left hand side of the Einstein's equations) and matter-energy on the other (right hand side of the equations). Structures, differences, variety of features belong to matter-energy. The only intrinsic property of space-time, besides the ones induced by matter-energy through the coupling constant G, is expressed by the signature of the metric tensor. The paradigm we are trying considers a space-time endowed with some more features reminding a physical continuum. The first inspiring remark we wish to exploit is that, in a material medium, interactions depending on a velocity are usually coupled to dissipation and internal friction. There is at least one simple situation where it is possible to express the dissipative interaction in terms of a Lagrangian function. We reformulate the problem in a way appropriate for a four-dimensional relativistic description, showing that the interaction may then be expressed in terms of a four-vector field. The next step consists in inferring from the classical example a new action integral for empty space-time, containing a four-vector as an intrinsic property of space-time itself. Introducing the cosmological principle and the four-spherical symmetry of the universe, then solving the ensuing Euler-Lagrange equation we arrive at the remarkable result of a space-time displaying inflationary expansion in the vicinity of the center of symmetry (big bang), then deceleration-acceleration-deceleration. In order to further interpret the four-vector and the symmetry of space-time we have again recourse to the example of a continuous medium. Indeed we know that in absence of external constraints or applied forces a strained state may be present in a solid only if defects are there. The theory of defects is a well defined one and was developed more than one century ago together with the elasticity theory; the idea of extending it to more than three dimensions is not new [10] [14] [15] [16] [17] , but it has never been considered more than a curiosity. Here we see that the typical Robertson-Walker metric associated with the global symmetry of the universe corresponds to the one induced by a point defect (singular event) in a four-dimensional continuum; we then show how to connect the four-vector used for the "dissipative" Lagrangian with the displacement four-vector induced by the point defect. The whole treatment so far has been made not considering the presence of matter-energy. The latter will couple to space-time in the usual minimal way, by means of the metric tensor. In fact our picture corresponds to a sort of pre-shaped "container" with which matter-energy interacts through G. Finally, in the paper, we shall briefly comment on the analogies and correspondences between the present theory and other current approaches.
A classical model
Let us consider a classical simple situation: the motion of a massive point particle in a viscous fluid.
Although dissipative, the problem may be treated starting from the Lagrangian
A simpler form of (1) was initially introduced by Caldirola ( [11] ), then by others ( [12] ) for different purposes.
The Euler-Lagrange equation deduced from (1) is
where γ > 0 may be interpreted as the laminar viscous coefficient and η is the turbulent viscosity coefficient. Actually (2) represents a viscous motion if for η > 0 the motion is progressive; for regressive motion η has to be assumed < 0. In this approach the properties of the fluid and of the interaction are all contained in γ and η, that are assumed to be constants: the fluid is not affected by the motion of the particle through it.
As written above eq.(2) is inadequate since it is not invariant for reversal of the x axis. The solution for the speed of the particle is (v 0 is the initial velocity):
and for − η 2γ < v 0 < 0 the result has a singularity. Let us try and reformulate the problem in a more reliable way. We shall consider a flat space-time and introduce the action integral
The exponent in (3) is assumed to be a true scalar i.e. the scalar product of two four-vectors:
The reference frame has been assumed so that the x ′ axis coincides with the direction of motion. Using Cartesian coordinates the form of γ expresses the expected space isotropy of the medium. The invariant associated with γ is
and the four-vector has been assumed to be timelike.
The general invariant form of (3) is now
The Euler-Lagrange equation from (3) is
Everything becomes more transparent and simpler if we, applying an appropriate Lorentz transformation, change the reference frame so that γ = (χ, 0, 0, 0)
We see that in this case a privileged reference frame exists: it is the one of the fluid (unprimed quantities). The equation of motion is noẅ
Eq. (6) represents the relativistic version of motion in presence of laminar viscosity; now the solution is a decelerated motion and no troubles arise from any reversal of the space axes. It is explicitly:
Starting from an initial value v 0 < c the velocity becomes zero in an infinite time; "photons" do not interact (their velocity stays equal to c). We could reasonably introduce a dependence of χ on v, but to discuss further this elementary situation is out of the scope of the present paper. What matters is that it is possible to give a Lagrangian treatment of a simple dissipative phenomenon, describing a non-uniform evolution in time.
Behavior of space-time
We may now use the model in the previous section as a guiding idea (by analogy) and the action (4) as a suggestion or inspiration to describe a space-time that undergoes expansion or contraction at a non-uniform rate. We stress that not the whole universe but the only space-time is considered. The starting point is the usual Einstein-Hilbert action:
where R is the scalar curvature and dΩ = |g|d 4 x is the invariant volume element.
We directly introduce in the space-time the kind of symmetry we usually attribute to the universe, i.e. four-dimensional spherical symmetry. As it is well known the most general 4-spherical symmetric line element is the Robertson-Walker one
where k = 0,±1 and r is a dimensionless coordinate (product of usual length times the square root of the space curvature).
Introducing the metric tensor implicit in (8) into (7) one has
where V k = r 0 π 0 2π 0 r 2 sin θ √ 1−kr 2 drdθdφ and dots represent derivatives with respect to τ .
"Dissipative" space-time
To take advantage of the simple example described in sect. 2 we may want to reproduce the same logical structure while building the action integral. Of course there are important differences to take into account. There, we had two "actors" entering the scene, the particle and the dissipative medium, and an interaction between them. The interaction was mediated by a four-vector pertaining to the medium and another one describing the state (of motion) of the particle. Now the "actor" is unique, space-time itself, and nothing is moving across it. However we may think to the motion of the representative point of the state of a hypersphere labelled byȧ in a bidimensional phase space where the independent variable is the parameter a. Again we associate to the system a four-vector γ which couples to the state variable in the same way as in the simple expression (4) . There the position coordinate of the particle appeared in the Lagrangian through its (first) derivative dx dt ; now the Lagrangian is written in terms of the (second) derivatives of the elements of the metric tensor. The simplest way to couple a vector to the metric in order to generate a scalar is the vector's norm, so we are led to conjecture the following action integral
where γ is meant to represent an internal property of space-time. Using the metric in (8) , in the (privileged) cosmic reference frame, and the four-dimensional rotation symmetry, γ necessarily appears in "radial" form as in (5), and (10) becomes:
The χ = constant case is irrelevant because it corresponds to simple Minkowski space-time. Non-trivial solutions exist when it is χ = χ (a (τ )). The observation of the universe apparently tells us that space is flat, so we further assume k = 0.
The final effective Lagrangian corresponding to (11) is now:
The Euler-Lagrange equation for a (τ ) is
or, explicitly, 2ȧ 2 a 2 2χ 2 χ ′2 ± χ ′2 ± χχ ′′ ± 4χχ ′ä a 2 ± 6χχ ′ȧ2 a + 2aä +ȧ 2 = 0 (13) where primes denote derivatives with respect to a. A trivial and non-interesting solution is obtained for a = constant (Minkowski space-time). Other solutions however exist.
Eq. (13) may be reorganized in the form:
A first integration leads toȧ = Ae − a f (ζ)dζ (15) and finally to τ = a 0 e ς f (ζ)dζ dς
Choosing χ (a)
The choice of χ (a) is indeed not unique. We need criteria and guesses to think of credible forms. One reasonably simple criterion for a vector field that is expected not to spoil the symmetry we assumed for space-time, is to constrain it to be divergence free everywhere except in the center of symmetry/origin of the cosmic times. The null divergence condition is formally written
where the semicolon represents a covariant derivative. Solving (16) we get
In practice our vector field looks like the "electric" field of a point charge Q, but in four dimensions.
Explicitly eq. (14), expressing a in units of
A first step in the integration of (18) leads tȯ a = a 6 (a 6 ∓ 3) 
The expansion rate in (19) has extrema for negative values of a 6 when the + sign is chosen in (11) (− in (19) ). Using a − sign instead (+ in (19)) there are two positive extrema at
The shape of (19) may be seen in fig. (1) In any case the asymptotic behaviour when a → ∞ isȧ → 0: this is a never-ending expansion.
Integrating ( It is amazing to see that close to the origin the e − 1 a 6 factor in the integral in (20) brings about an inflationary phase, that cannot be resolved in fig. (2) , followed by a decelation-acceleration-deceleration sequence driving an unlimited expansion. Close to the origin the scale factor a does indeed grow faster than any power of τ .
What we would like to stress is that all this would come from an internal property of space-time, with no matter in. Matter must be further added to the Lagrangian in the traditional (additive) way and with a minimal coupling to space-time via the metric tensor.
What could the vector field represent?
The "internal" vector field associated with empty space-time can in turn be interpreted by means of another analogy with known everyday situations. We know that the intrinsic metric of a material continuum can differ from the simple Euclidean situation when defects are present.
The corresponding theory has been developed many years ago, starting with the formal definition of a defect given by V. Volterra [13] . The attempt to extend the theory from material elastic media to space-time has been made by many a scientist [10] [14] [15] [16] [17] , in various epochs, without leading to a complete formal new theory. The similarities are indeed tempting. What is easily seen [18] is that, whenever a portion of a continuum is removed (or more is added) each point in the material is displaced to a new position (in the unperturbed original reference frame):
The new coordinates are obtained by means of a vector displacement field ξ µ . In the continuum a new metric is now induced, that is not the original Euclidean one δ ij , but
is the (non-linear) strain tensor. Generalizing all this to four dimensions and space-time, the basic metric is the one of Minkowski and the induced metric is written [18] 
Everywhere now η µν replaces δ µν . Without further details let us consider an unperturbed, i.e. Minkowskian, space-time. Then let us suppose we remove a 4-sphere and close the hollow by pulling radially on each point of the hypersurface of the hole. The situation is described in figure (3) This procedure induces a radial displacement field represented by an equally radial four-vector ξ. Applying (21) and (22) to a "polar" coordinates representation of the original space-time we end up with the induced metric
Flatness of space has been imposed. Defining the cosmic time so that
the final line element is
Identifying ρ (τ ) with the scale factor a (τ ) , and ψ with the adimensional r, we have a Robertson-Walker metric (flat case). Comparing now (23) 
where Ξ is a constant. Eq. (25) implicitly establishes a correspondence between the displacement vector field ξ and the γ vector.
Equivalent matter distribution
Discarding the flat space-time solution and using the Einstein equations we may interpret the Einstein tensor divided by κ = 8πG/c 4 as an effective energymomentum tensor. In the case of the solution we are studying, it is The dependence of ρ on a is shown in fig. 4 . The corresponding effective pressure is p = 27a 10 − 36a 4 κ (a 6 + 3)
and is represented in fig. 5 ; the initially negative values correspond to inflation. 
Conclusion and discussion
We have applied a heuristic approach to the problem of describing the behaviour of the universe in its expansion. Instead of trying and introducing new, otherwise unseen, components in what should correctly be called "matter" (any scalar or tensor field usually considered is indeed "matter" in the sense that it contributes to the right hand side of the Einstein equations and appears additively in the Lagrangian), or of more or less empirically modifying the action integral of space-time, we have used a model based on the idea that the very space-time is endowed with a property analogous to the internal viscosity of a fluid. This feature has been treated introducing an exponential factor in the Langrangian and exploiting from the very beginning the (4)-spherical symmetry we think the universe has. The scalar in the exponent of the new factor is thus build from a "radial" vector field. Symmetry considerations suggest that the vector field can be divergence-less everywhere except in the origin. Solving the vacuum Einstein equations in these conditions we end up with a global Robertson-Walker metric with a scale factor depending on cosmic time in such a way to reproduce an initial inflationary era, followed by a decelerated, then again accelerated, and finally decelerated expansion of the universe, or, to say better, of space-time itself.
Looking for a possible "explanation" of the "friction" described by the new vector field, we have had recourse to a further analogy with ordinary material continua. We have assimilated empty space-time to a four-dimensional continuum containing a pointlike defect (or at least a 4-spherical one), then analyzing the strain and consequent metric tensor induced by such a defect. The final result is again a Robertson-Walker metric with a time dependent scale factor. The radial displacement field of this scenario may be put in correspondence with the initial vector used to describe the self-interaction within space-time. The model described here presents results that scale as the "strength" or "charge" of the center of symmetry. Besides this fact, it is surprising to see how easily two essential features of the evolution of the universe such as inflation and accelerated expansion are obtained.
As we stressed in the paper, our theory describes space-time alone. The final theory is a metric one, and the addition of (ordinary) matter should not subvert the final scenario, rather complement matter effects with the very builtin properties of space-time. The global symmetry is induced by a point defect in space-time, all other details depend on matter-energy.
The form initially chosen for the action integral is somehow reminiscent of other approaches, from string theory to f (R) theories, without coinciding with any of them. We ourselves showed as the effects may be thought as being due to an effective fluid with a peculiar equation of state. However we obtained our result following analogies coming from facts of known classical physics and introducing "reasonable" (to us) hypotheses, rather then introducing ad hoc entities or formally manipulating the mathematics until observations are reproduced. We think the approach of sticking as long as possible to something we know what it is, can be sounder and finally even more fertile.
